Background Lyme arthritis can be readily treated with use of oral antibiotics without any need for surgery. In Lyme-endemic areas, differentiating between Lyme arthritis and septic arthritis can be difficult. Laboratory testing for Lyme disease often results in a delay in diagnosis because many labs batch-test Lyme specimens only two times per week due to lack of equipment or increased expense. Delayed diagnosis can lead to unneeded surgery in cases in which the surgeon indicates the patient for a joint irrigation and debridement (I & D) for possible septic arthritis while waiting for Lyme serology results. The purpose of this study was to develop an algorithm for the treatment of patients with possible Lyme arthritis, with particular attention to poly-articular involvement. Methods Thirty-nine patients with poly-articular Lyme arthritis, including ankle involvement, were reviewed retrospectively. Patients were included if the ankle was involved, if they were less than 18 years of age, and had available laboratory information and a serologic diagnosis of Lyme disease.
Introduction
Lyme disease is an important consideration in the evaluation of the pediatric patient with a limp. In 60 % of patients who go untreated for Lyme disease, arthritis will be the hallmark feature, presenting several months after the initial tick bite [1] . Lyme disease is recognized as the most common tick-borne disease in the US; per the Centers for Disease Control (CDC), there were approximately 19,000 cases in 2006 [1] . The pediatric orthopaedist, rather than the pediatric rheumatologist, is often the first specialist to see a patient with Lyme arthritis because the patient often presents for an evaluation to rule out septic arthritis. This is of particular importance considering that Lyme arthritis responds to medical management with oral antibiotic administration. Rapid diagnosis of Lyme disease is often delayed, secondary to the delays in obtaining the results of serology testing. Unneeded I & D surgery may be performed in cases in which the patient's presentation is consistent with septic arthritis or Lyme disease.
On clinical presentation of a patient with Lyme disease, the knee is involved in over 90 % of cases. Other joint involvement is less common. To our knowledge, there is limited description about Lyme arthritis of other joints (including the ankle) in the current literature. Furthermore, there are no reports in which the polyarticular nature of Lyme arthritis is used as a diagnostic criterion. The goal of this study is to review our experience with Lyme arthritis of the ankle in children, particularly in patients with polyarticular involvement, and to develop an algorithm for the treatment of children with possible Lyme arthritis.
Methods
This study was approved by the Penn State College of Medicine Institutional Review Board. This study, therefore, has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Patient (pt) clinical records were retrospectively reviewed from 2005 to 2011 for Lyme disease. Our Children's Hospital is a large tertiary referral center in a Lymeendemic area. Inclusion criteria included those aged less than or equal to 18, a diagnosis of Lyme (along Centers for Disease Control guidelines, see Table 1 ), and the availability of laboratory information within our electronic medical system. Exclusion criteria included patients older than age 18 and lack of laboratory information. Information assessed from the clinical record included the following: age, gender, county of residency, oral temperature, joints involved, pain with range of motion (ROM) of affected joint, ability to bear weight on affected joint, whether a joint aspiration was completed, history of a tick bite, history of a rash, recent antibiotic usage, and final treatment. Laboratory information gathered included: erythrocyte sedimentation rate (ESR), white blood cell count (WBC) (with differential), blood cultures, joint cultures (if available), and Lyme titers. A total of 155 patients with Lyme disease were identified. The ankle was found to be the second most commonly involved joint (Fig. 1 ). For example, 39 patients demonstrated Lyme arthritis of the ankle (25 %). In addition, poly-articular Lyme disease involving the ankle joint was common. One-hundred fifty-three patients (98.7 %) had more than one joint involved, and 37 patients (23.8 %) with poly-articular disease had ankle involvement.
Results
One-hundred and fifty-five patients were found to have Lyme disease. The knee was most commonly affected, and the ankle was the second most commonly affected. The hip, the elbow, the wrist, and the shoulder were less frequently involved (Fig. 1) . Data regarding the initial clinical presentation is listed in Table 2 . The 39 patients who presented with ankle involvement had an average age of 9.64 years (range 2-18 years). Only two (2/39, 5.1 %) patients had isolated ankle involvement. Six patients (6/39, 15 %) recalled a tick bite, and 11 (11/39, 28 %) recalled a rash typical of Lyme disease. Nine (9/39, 23 %) patients presented with pain in 
Discussion
Lyme disease is a common cause of acute arthritis in children in endemic areas. Lyme arthritis responds readily to oral antibiotic management. The difficulty in the evaluation of Lyme arthritis is its clinical similarity to septic arthritis, especially when a patient presents with a single, swollen joint. Although serologic analysis is critical in identifying Lyme arthritis, obtaining these tests often results in a delay in diagnosis and sometimes unneeded surgical I & D. Therefore, the aim of this study was to develop a clinical algorithm to help differentiate Lyme arthritis from septic arthritis, with special attention given to ankle involvement and polyarticular involvement [2, 3] .
Kocher identified four factors that could be used to distinguish septic arthritis from transient synovitis of the hip; these included fever [38.5, WBC [12, ESR [40, and an inability to bear weight on the affected leg. Kocher found that if 4/4 criteria were identified, the patient had close to a 99 % chance of having a septic process of the hip [4] . In contrast, if a patient had one out of four criteria, the likelihood of septic process of the hip decreased to 3 %.
Data from the present study, in the context of Kocher (Table 4) . Additionally only 9/39, or 22 %, had pain with passive range of motion. On the other hand, pain with passive range of motion (PROM) is a hallmark of septic arthritis [5] .
In the present study, we applied the Kocher criteria to patients with ankle and polyarticular involvement. We found that no patients had 4/4 Kocher criteria. Four patients had 3/4 Kocher criteria, and four patients had 2/4 Kocher criteria. Ten patients had 1/4 Kocher criteria, and 21 patients had 0/4 Kocher criteria. Although the Kocher criteria was developed for evaluating the pediatric hip, data from the present study suggest that these criteria are useful for differentiating Lyme from septic arthritis when the ankle and multiple joints are involved. In the current cohort of patients, the lack of Kocher criteria indicated the absence of a bacterial infectious process.
A recent multivariate analysis by Milewski in a Lymeendemic area indicated that refusal to bear weight is the most predictive factor of septic arthritis [5] . Prior reports in the literature also suggested that refusal to bear weight is an important predictive factor of septic arthritis [6, 7] . This is consistent with the results of the present study. Furthermore, we concur with Culp that refusal to bear weight is rare with Lyme disease; in our study, only two patients (2/ 39, 5.1 %) with Lyme disease of the ankle refused to bear weight. However, these two patients did not have pain with passive range of motion, which indicated Lyme arthritis rather than septic arthritis. In the present study, the presence of pain with passive motion was seen in six patients and an antalgic gait was seen in 11 patients [8] .
An algorithm to differentiate Lyme disease from septic arthritis may minimize the number of patients who undergo surgical debridement when the diagnosis is not clear. For example, in a 2011 study by Milewski, 40/123 (*24 %) cases of Lyme arthritis underwent operative debridement for presumed septic arthritis [5] . In our study, one patient (number 14) underwent surgical debridement, who was later found to have positive Lyme titers. This patient was subsequently managed with oral antibiotics. The low operative rate (2.5 %) in this study highlights the importance of the need to differentiate between Lyme and septic arthritis.
Williams reported that about 2/3 of patients with Lyme disease present with multiple joint involvement (an average of 2.4 joints affected) [9] . In addition, Williams reported that the ankle was the second most commonly affected joint, after the knee. We concur with Williams that the ankle was the second most commonly involved and report an even higher rate of polyarticular involvement of 94 %.
Comparative studies between Lyme disease and septic arthritis usually focus on a single joint involvement and often apply the Kocher criteria to monoarticular evaluation. In contrast, in the current study, we applied Kocher's criteria to polyarticular Lyme disease, with emphasis on cases involving the ankle. The rate of isolated ankle involvement is uncommon. Our data indicate that only two (2/39) had isolated ankle involvement. Our data suggest that knee/ ankle involvement was the most common combination of joints and was seen in 56 % of cases. The results of this study strongly suggest that this finding of polyarticular involvement indicates Lyme arthritis rather than septic arthritis. The sensitivity of polyarticular involvement related to Lyme disease was 97.4 %. There are several salient points that our data affords for analysis. First, in the context of Kocher's criteria, patients with Lyme disease rarely had an elevated temperature, an elevated ESR, an elevated WBC, or difficulty bearing weight. The lack of Kocher criteria was very suggestive of Lyme arthritis. Historical clues are unreliable, since only 17 % of our patients reported a tick bite and 31 % noted a rash. This lack of historical clues is consistent with previous reports in the literature [1] .
We suggest the following algorithm to help differentiate between Lyme and septic arthritis. Patients with two or fewer Kocher criteria, polyarticular disease, an ability to bear weight, and minimal pain with passive range of motion are more likely to have Lyme disease and should be treated with appropriate antibiotics and careful follow-up while waiting for Lyme serology results. Patients with three or more Kocher criteria, monoarticular involvement, inability to bear weight, and pain with passive range of motion of the joint are more likely to have septic arthritis and should be treated with surgical I and D, cultures, and appropriate IV antibiotics, also while waiting for Lyme serology results.
Limitations include the retrospective design of the study from a single institution and the lack of a control group. This study is the first to evaluate the polyarticular nature of Lyme disease as a tool to help differentiate Lyme arthritis from septic arthritis. Although patients 14, 27, 30, and 33 demonstrated 3/4 Kocher criteria, the polyarticular nature of their presentation convinced the treating surgeon to manage the patients without surgery in three of four of these cases.
An additional limitation of this algorithm is its inability to differentiate Lyme arthritis from juvenile idiopathic arthritis, which can have a similar clinical presentation [10] . The mainstay of differentiating between Lyme and JIA is serologic testing. This is of particular importance in Lyme-endemic regions [10, 11] .
Conclusion
Lyme arthritis is treated with oral antibiotics alone, whereas septic arthritis warrants an irrigation and debridement procedure and IV antibiotics. Similarities in clinical presentation implicate the need for developing an algorithm to differentiate between these pathologies. Unnecessary trips to the operating room may be prevented if the diagnosis is made in a timely fashion. Lyme serology titers are often run by the lab only twice per week, secondary to lack of equipment and expense. Subsequently, the results are not timely when deciding if surgical irrigation/debridement is needed. The key points of this study are as follows:
1. The ankle is the second most commonly involved joint in Lyme disease. 2. In a Lyme-endemic area, polyarticular involvement indicates Lyme arthritis rather than septic arthritis. 3. The Kocher criteria are helpful to differentiate Lyme arthritis from a septic joint. 4. The development of a rapid Lyme test that can be performed in a few hours is needed.
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